Introduction
In 1951 Dubost et al.: reported the first successful homograft replacement of the abdominal aorta for an abdominal aortic aneurysm. Three years later Moore et al. 2 reported the occurrence of an ischaemic rectal stricture following successful repair of an aneurysm, and in 1958Barnes et al. 3 reported a case of small bowel ischaemia. Nowadays, surgery to the abdominal aorta is accompanied by a relatively low morbidity and mortality rate 4 • S and bowel ischaemia is generally considered to be a relatively rare clinical problem'<", though this view has been challenged 1 0.1 1.
With a better understanding of the pathophysiology as well as the risk factors involved and the development of a number of newer diagnostic methods, it is now possible to assess blood flow to the bowel in a more scientific manner12 -14. Theoretically this should lead to elimination of bowel ischaemia as a complication of abdominal aortic surgery. It is not yet clear whether any difference in the incidence of bowel ischaemia will result from the routine use of intraoperative blood-flow testing.
Incidence
The reported incidence of bowel ischaemia varies from 0.2% to 10%, with an average of about 2% depending on the diagnostic method used 6 -9 • Disturbing, however, has been the study by Ernst and his group of investigators, where colonic ischaemia was studied prospectively following surgery to the abdominal aorta, and colonoscopic changes of ischaemia were found in 6% of all cases; even more disturbing was the incidence of 60% of ischaemic changes seen following successful repair of ruptured aortic aneurysms. Small bowel ischaemia still seems to be a very rare complication10.11.
Whilst these findings should be interpreted with caution, since colonoscopic changes do not necessarily reflect symptomatic disease, it is likely that some cases of ischaemia are being overlooked because of the mild nature of the symptoms such as diarrhoea.
Mortality
Mortality of this complication averages around 40% but varies between 20% and 100%6. These figures reflect the mortality amongst patients with transmural ischaemia and probably ignore patients at the other end of the spectrum who do not present in this dramatic way.
Classification
Boley et at. 15 introduced a classification of bowel ischaemia in 1978 which has pathological as well as clinical significance. Type 1 refers to mucosal ischaemia which is usually a transient and mild disease; Type 2 to mucosal and muscularis involvement which results in the formation of a stricture; and Type 3 to transmural ischaemia with gangrene and bowel perforation. This last type is the more dramatic form of presentation and is the most commonly reported in the literature.
Anatomy and pathophysiology
Blood supply to the large bowel comes mainly from three sources, namely the superior mesenteric, the inferior mesenteric and the internal iliac arteries, with important connecting links between the three I 6 • 1 7 . These connecting links may, however, be absent in a significant number of patients!", some of whom may be predisposed to the risk of bowel ischaemia. Because it cannot be assumed that there will be an adequate blood supply in a particular patient, some form of objective assessment should be carried out.
At a very basic level, ischaemia ofthe colon can be considered as an imbalance between the blood supply of the colon and the metabolic requirements of the colon itself. Secondary factors which may influence the outcome of this particular event are the degree of ischaemia, the duration of ischaemia, efficiency of the collateral circulation and factors such as bowel distension and bacterial load in the colon 15.
Diagnostic criteria
Postoperative bowel ischaemia is difficult to diagnose, with most reported cases presenting with an abdominal catastrophe and diagnosed during emergency laparotomy several days following the initial aortic reconstruction 6 -13. Subtle symptoms include postoperative diarrhoea, with or without blood, and sometimes associated with extraordinary lower abdominal pain. Colonoscopic changes have been described ranging from mucosal oedema and friability to frank ulceration 10 • 1 1 •
Identification of the high-risk patient
Patients who present with a ruptured aortic aneurysm are at highest risk I O • ll • To prevent bowel ischaemia in this particular situation, surgery must be performed on an emergency basis to minimize the period of hypotension. Cross-clamping time should be as short as possible, and evacuation of a retroperitoneal haematoma should be avoided. These simple measures will minimize the period of inevitable ischaemia associated with hypotension and also avoid damage to important collateral vessels.
Patients who present with symptoms of visceral ischaemia obviously need an arteriogram to evaluate this. The type of procedure alone does not seem to influence the incidence of small bowel ischaemia. Studies have shown that there is probably no difference in the incidence of this complication between surgery done for aortic aneurysm or for occlusive disease when these procedures are performed on an elective basis10.11 .
Preoperative assessment and management in the elective stage Arteriography is probably the only examination which may hint at the possible occurrence of bowel ischaemia. Whether it should be carried out as a routine investigation with aortic aneurysms is still very controversial, although it is advocated by some!", Obviously, when there are symptoms of visceral ischaemia an arteriogram is essential.
Arteriography may be helpful under certain circumstances and the arteriographic patterns should be examined carefully, with surgery planned accordingly, to ensure proper blood supply to the bowel!". Some of the situations that may point to a higher risk of bowel ischaemia are: (1) a large patent inferior mesenteric artery; (2) a meandering mesenteric artery, especially when there is reversed flow; (3) significant stenosis or block of both external iliac arteries with aortofemoral bypass where back-flow to the internal iliac arteries could be interrupted, especially if a transection of the aorta is done proximally.
Mechanical bowel preparation with antibiotic measures to reduce the faecal and bacterial load in the colon has also been recommended-P-". principally to reduce the possibility of traction injuries to the bowel mesentery due to a loaded colon, but also because of the importance of bacteria in the pathogenesis of the ischaemic event.
Intraoperative measures
Damage to the collateral circulation, for instance by retractors or the evacuation of a retroperitoneal haematoma, should be avoided, as should prolonged periods of hypotension which may be associated with bowel ischaemia IS. The most important aspect, however, is the correct management of the inferior mesenteric artery during surgery. There are two schools ofthought on this: those who perform routine ligation and observe the bowel forischaemic changes, and those who prefer selective reimplantation based on intraoperative studies 6 • 13. 22 • The decision to reimplant the inferior mesenteric artery into the graft is based on several criteria. Subjective criteria include bowel discoloration following interruption of flow through the inferior mesenteric artery, and an assessment of back bleeding through the inferior mesenteric arterial orifice. Whilst objective criteria are being assessed at present by several institutions, it is not yet clear whether they will alter the incidence of ischaemia. They include Doppler flow, where blood flow to the colon is assessed by a sterile Doppler probe intraoperatively before and after interruption of the blood flow through the inferior mesenteric artery13: a sharp reduction in audible flow signals or the absence of flow signals following interruption of flow are considered to be indications for reimplantation. This is a simple, safe and time-saving technique not requiring the involvement ofspecialized personnel. The equipment is also available in almost every vascular centre. Other investigations include the measurement of the stump pressure, where a pressure below 40 mmHg is considered to be the critical level 23, but as the evidence is derived from a single patient who developed bowel ischaemia with a pressure. below 40 mmHg, it requires confirmation. Amongst other diagnostic studies currently in the experimental phase, the most promising seems to be a quantitative fluorescein flow assessment using a fluorometer 1 4.
Reimplantation of the inferior mesenteric artery:
Several well established techniques are available. First, the inferior mesenteric artery can be reimplanted into the aortic graft using a Carrel patch 24 • Other techniques include an intraluminal anastomosis technique where a rim of aneurysmal sac, including the inferior mesenteric arterial orifice, is anastomosed to the graft or the use of an interposition vein graft.
Conclusions
In attempting to prevent bowel ischaemia, (1) be aware of the high-risk patient; (2) plan the surgical procedure carefully with particular reference to the arteriographic pattern; (3) use meticulous surgical technique to avoid damage to collateral vessels; and (4) use selective reimplantation ofthe inferior mesenteric artery, according to the available criteria with emphasis on some form of objective intraoperative assessment. At the present time the Doppler probe has the advantage of being the most practical in this situation, although the absence of any long-term prospective studies limits an evaluation of its true value.
